Differences in HAC1 mRNA processing and translation between yeast and mammalian cells indicate divergence of the eukaryotic ER stress response.
Perturbation of normal endoplasmic reticulum (ER) function induces a stress response found throughout eukaryotes, sometimes termed the unfolded protein response (UPR). In yeast, auxotrophic mutants have identified two genes, IRE1 and HAC1, whose products are key components. Normally HAC1 mRNA is not translated owing to a 252-nt "intron." Disruption of ER function activates Ire1p to remove this intron through endogenous endoribonuclease activity. Together with tRNA ligase, cleavage and splicing produces a translatable HAC1 mRNA to give Hac1p, a transcription factor that upregulates the expression of genes responsive to ER stress. No Hac1p homologue has been identified in mammalian cells, but Ire1p homologues exist with endoribonuclease activity required for a fully functional UPR, raising the possibility that the key features of the yeast UPR might be conserved in higher eukaryotic cells. To address this, we expressed yeast HAC1 in HeLa and HEK 293T human cell lines, both on its own and as fusions with yellow fluorescent protein (YFP) to investigate its processing and translation. HAC1 mRNA was not processed, but efficiently translated irrespective of whether the cells were subjected to ER stress. Expression of exogenous HAC1 mRNA constructs in yeast showed UPR-induced splicing required the presence of its 3' UTR. These results suggest that the mammalian ER stress response has diverged from the yeast UPR.